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Figure 1. Secondary structures of the type members of the two families of viroids (Owens and Hammond, 2009)
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Figure 2. Potential pathways connecting the first viroid-host interaction that through one or more cross-talking signaling cascades ultimately
lead to the macroscopic symptoms (Navarro et al. 2012a)
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Figure 3. The proposed model for gene silencing pathway in host plants by viroids (Pray, 2004)

- WA (ylinno) 3 sl /Y 0 ylous [ okd 0599 | iuans § (Soos] § S ] cawkien



a:\j fb- 9 \:_;):A\

w3 S 3 ol oben il 1

das e Ol s s el 53 S5 Gl e 5 WO
MRNA (. 5 IS ;5 Avsunviroidae ol gl glads g g oS
390 bl 1) Ly IS 5 s IS s s s a0
Ll sdge S S TIISERD ol S aS das e 13 S
Go s woline o) (Solan @D sl Eoly 55k pl @ s
> 45 Pospiviroidae sl gl sladis g oS Jb= 55 Lsd e
Jime e 4 85 Sy Jle 5 Lpd e 5SS e
Colg s 5 ol Ol e MRNA - = 5 5y Celh Ll
eOle > a5 (Flores et al. 2020) L5i 0wl 55,0 ol
ol os sy 53 G AS S Sl G s aboles b
S92 e ks Ly ny 2y o Ml &Sl s LB L,
(Wassenegger et al. ol a8 13 b 5,50 ey
S A aber 105 Slads s 3550 53 e 5 1996)
odalis (Grapevine yellow speckle viroid-1) V-4 (55,5

(\T"\\‘ ﬁ"’:’" Q\.L\Dr.w 9 e)‘jﬁk}-) CM\
sy s b bwspg bolse Sodll 5o ST ol58les

Misns 2S5 Ol addsny g g5 ol 5 o il
Lol B e Haek 5 ol 53 Ol S s s b
e pllen 5 Al ns 25 Sl (Ahmadi et al. 2017)
ol San L s b bylse (Sl s badds s 51 50
buog eld s 0 el gleliSoS e B 4
Sl 5 s Olasen (So 1 53 & Al Jas e ba ey s
NS Aisps s (Citrus tristeza virus, CTV) LS
Olo .ol 4§ 513 UG 5, 5 (Citrus dwarf viroid) cLs
AU S sed 03 CTV (sl GlastiS oS gl e
e DA 5 A A5 03 IS S s b el
sbass s heyg S0 SaJl (Serra et al. 2014) sls ol
g Al o Sl s b Joles 5o b s Dzes s ala s 50
Grapevine fanleaf ) s S355LS 5 ey s Jols (Jie b
S len 50 T L) (g3, 40 Gladds s 5l pluS 5o L (virus
St SAE 2 ys 4 Ol wdle oS S o sl 1 50 (5155
)03 e oo a0 b S olas ol 5l el 51 20 e
ol on! (Hajizadeh et al. 2015; Ahmadi et al. 2017)

4 PSTVA ojline oDl L glaglis Jisl Jbe [ ba
solatl b agee 05 Ol 3 i Zel S e S
38 o sk olps slle elis mul s s slao))
i Ol (adld nlo 5 Sy e plie (ol IS
DALS o pee La05 Ola s 3 oy Mt Yol 1352
oo Jdsa PSTVA Ssliza oo b glaslis a s3]
Sslize gla oUly b balis ) Satope &S > & slize
[(Itaya et al. 2002) il o Ol ol S5 sl Lol
- Lol bz ole (bl e STdaass s cnl ol
S O3 Ol 3 i b Ol oy slagaly Ll

Loty 5 (56 wde 53 oslis
e S5 bddyps 5l Al e den &S A e B 4
Wiy s 5l s 0 5 PSTVA Jle Olsns 5,8 05 13
AL L b Olge OIS s el 53 e
S A 5 ceilee b (S5 S A8 sl S5sS
s <l PTI (PAMP-triggered immunity) U Sl
35t Lol 50 s 2SS Sl AU ASRNA mens iman
O3 b G b Sl ol i 255 Dl i O]
PTI wanals sla sty s 5 sl i GUS slagnsis
(Niehl and Heinlein, .ss 0 05 Ols sdoms (55 540l 0 Esls
o3l gl glasl o 53 ¢ Llie 5 2019; Flores et al. 2020)
s Ol Solise Ay e sbacil,ly & Avsunviroidae
L5 2lS 5 \Y DY (¢lhls 4 (Peach latent mosaic viroid)
oS Ul el Wagy Sl il &gy LS
Peach Calico (extreme 0lye “ow (pmidD) Ldd S5
oDl ol (NS whe b aglis 3 452 e chlorosis)
L (Ul LS 5 4 25do0) (ad 50 5 ola] (o e
s 655 53 lp elie Ll (Navarro et al. 2012b)
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Abstract

Because of the small size of viroids (~246- 436 nucleotides), lack of protein-coding
capacity, and causing some sever diseases, the virulence mechanism of viroids in host is
being one of the interesting aspects of their study. Direct and indirect interaction between
viroids and host factors in various studies has been proved; resulting to change in proteome
and host transcripts and finally disease in plants. Latest presented model for these changes
is the RNA silencing mechanism that has been proved for both viroid families. This review
highlights the latest finding on pathogenicity mechanisms of viroids.
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